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INVESTIGATION OF THE VAPOUR LIQillD EQillLIBRIUM BEHAVIOUR OF BLENDS 
COMPRISING Rl25, R134a AND R600 OR R600a. 
Neil A. Roberts and Dr. Shadwan H. Jawad 
Rhodia Organique Fine Ltd 
Avonmouth, Bristol, U.K. 
I. ABSTRACT 
With the phase-out of HCFCs being accelerated in some regions of the World, most notably 
Europe, many studies have been performed on two alternatives to replace R22 i.e. R407C and 
R410A. These blends comprise two or three of R32, R125, R134a, and hence the vapour liquid 
equilibrium behaviour of these components has been studied extensively. The primary purpose 
for these determinations was to allow modelling of the refrigerant behaviour and predictive tools 
to be developed. 
However R417 A (I) is a third alternative emerging as a candidate to replace R22 comprising 
R125, R134a and R600. In the development ofthis blend it has been found that there is a severe 
lack of documented data concerning the behaviour of mixtures of R125, Rl34a with R600 or 
R600a . This lack of data for the binary mixtures containing either R600 or R600a means that 
predictive tools such as REFPROP are unable to give reliable results and hence the property data 
produced is not representative of reality. 
This paper details some initial vapour liquid equilibrium measurements made for the R600 and 
R600a binary mixtures with Rl25 and 134a and provides binary interaction parameters that may 
be used with the REFPROP software to predict property data for the ternary blends of these 
components. 
2. INTRODUCTION 
The development of blended refrigerants to replace the environmentally unacceptable 
chlorofluorocarbons (CFC) and hydrochlorofluorocarbons (HCFC) has been accompanied by the 
need for accurate thermodynamic property data. Also since the majority of these blends are not 
azeotropic in behaviour (as denoted by the R4-ASHRAE classification) the ability to be able to 
predict the behaviour of the blend for different applications and in leak situations is of particular 
interest. Within the industry a number of software packages have been produced but one in 
particular has become widely used and accepted by many users as the industry standard i.e. 
REFPROP<2). 
REFPROP provides tables and plots of the thermodynamic and transport properties of pure 
refrigerants and refrigerant mixtures. It is claimed to be based on the most accurate pure fluid 
and mixture models currently available, implementing three models for the thermodynamic 
properties of pure fluids: the modified Benedict-Webb-Rubin equation of state, the Helmholtz-
energy equation of state, and an extended corresponding state (ECS) model. Mixture 
calculations employ a model, which applies mixing rules to the Helmholtz energy of the mixture 
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components and uses a departure function to account for the departure from ideal mixing. This 
approach relies heavily on the accuracy of the binary interaction parameters defined in the 
mixing rules. 
Focussing on the replacement of R22 there are currently three blends being cited as potential 
replacements in applications which traditionally utilise the HCFC R22. These are R407C, 
R41 OA and R417 A. The 407C and R410A blends have been known for more than 5 years and 
comprise two or three of R32, Rl25, R134a but the R417A has only been known for 2 years. It 
is therefore not surprising that from the four components used in these blends, only binary 
interaction parameters for the R32/R125(3), R32/R134a(3) and R125/R134a(3) have been studied. 
For two of the three binaries from R417A i.e. R125/R600 and R134a!R600 the interaction 
parameters are estimations not based on actual measurements. This is also true for a blend of 
R125/R134a!R600a<4). For these blends ofR125/R134a and R600 or R600a it can be shown that 
when using the default values for the interaction parameters of the hydrocarbon containing 
binaries there is a significant error in the predicted properties and vapour liquid equilibrium 
(VLE) behaviour of the blends. This paper compares some actual measurements with REFPROP 
predictions, determines VLE behaviour of the hydrocarbon containing binaries and proposes new 
interaction parameters in order to significantly improve the accuracy of predictions made using 
the REFPROP software. 
3. VAPOUR LIQUID EQUILIBRIUM MEASUREMENTS 
The VLE measurements were carried out using a purpose built VLE apparatus. This apparatus is 
essentially composed of a pressure vessel placed within a thermostatically controlled bath. The 
bath can operate over the temperature range -30 octo 100 °C and pressures up to 6.0 MPa. The 
pressure vessel allows small samples to be removed from the vapour and liquid bulk. These 
samples are subsequently analysed by GC for composition determination. The bath temperature 
was measured using a calibrated Platinum Resistance Thermometer (PRT) with a resolution of 
0.01 °C. The pressure was measured with a calibrated pressure transducer with an experimental 
uncertainty of about 0.005 MPa. 
The measured VLE data took the form of experimental pressures and compositions of coexisting 
liquid and vapour at various equilibrium temperatures for the binary subsystems R125/R600a, 
R134a/R600a, Rl25/R600 and R134a!R600. The fmal subsystem Rl25/R134a, which is 
required to represent ternary mixtures containing Rl25, R134a and R600a or R600 has been 
well-studied and the parameters have already been optimised within the REFPROP model. Data 
measurements were conducted at or near to a nominal temperature so that the results could be 
grouped together so that they could be represented along isotherms. The VLE data was first 
reduced by averaging nearly coincident data points and using the mean experimental temperature 
for each group of measurements at a given isotherm. A small correction to the pressure was then 
applied to the measured pressure in order to normalise all the data to a nominal isotherm. These 
corrections are small in the light ofthe experimental uncertainty of the data measurements which 
has been estimated to be ±0.5% for temperatures above ambient, increasing to ±1.0% for the 
lowest temperature isotherm. Data for the Rl25/R600a, R134a/R600a, R134a!R600 and 
Rl25/R600 binaries are given in Tables 1 to 4. 
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Table 1. Experimental temperature T, pressure P and liquid, x. and vapour, y, %mass fractions 
of Rl25 and R600a 
TIK XR125 YR125 X600a ~R600a p/Mpa 
243.15 51.31 89.37 48.69 10.63 0.203 
75.18 91.13 24.82 8.87 0.222 
25.13 83.46 74.87 16.54 0.157 
97.08 96.86 2.92 3.14 0.237 
273.15 51.45 85.81 48.55 14.19 0.529 
75.07 89.63 24.93 10.37 0.617 
24.97 76.10 75.03 23.90 0.387 
97.11 97.24 2.90 2.76 0.680 
298.15 51.35 82.32 48.65 17.68 1.012 
75.26 88.19 24.74 11.81 1.218 
25.26 69.95 74.74 30.06 0.732 
97.06 97.34 2.94 2.66 1.380 
333.15 51.14 75.88 48.87 24.12 2.092 
75.23 85.10 24.77 14.90 2.638 
25.17 59.70 74.83 40.30 1.514 
97.07 97.32 2.93 2.69 3.146 
Table 2. Experimental temperature T, pressure P and liquid, x. and vapour, Y. %mass fractions of 
R134a and R600a 
TIK XR134a YR134a X600a YR600a P/Mpa 
243.15 50.56 49.44 75.06 24.94 0.1232 
25.48 74.52 69.54 30.46 0.0994 
75.30 24.70 77.27 22.73 0.1141 
97.18 2.83 90.49 9.51 0.1022 
81.95 18.05 77.61 22.39 0.1140 
273.15 50.94 49.06 72.94 27.06 0.3523 
25.68 74.32 63.72 36.28 0.2910 
75.31 24.69 78.69 21.31 0.3570 
97.55 2.46 93.35 6.65 0.3243 
81.80 18.20 80.53 19.47 0.3593 
298.15 50.36 49.64 71.21 28.79 0.7224 
25.49 74.51 59.05 40.95 0.5937 
75.37 24.64 79.34 20.66 0.7649 
97.28 2.72 94.75 5.26 0.7116 
81.75 18.25 81.93 18.08 0.7695 
333.15 50.38 49.62 68.05 31.95 1.6496 
25.28 74.73 51.73 48.27 1.3316 
75.23 24.77 79.46 20.54 1.8181 
97.27 2.73 95.78 4.22 1.7530 
81.79 18.22 82.91 17.09 1.8379 
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Table 3. Experimental temperature T, pressure P and liquid, x, and vapour, y,% mass fractions 
of R134a and R600. 
TIK XR134a YR134a X6QO YR600 p/MPa 
241.35 51.60 84.0 48.40 16.0 0.092 
75.90 84.60 24.10 15.40 0.093 
273.15 25.20 75.80 74.80 24.20 0.260 
51.10 81.60 48.90 18.40 0.306 
75.60 84.60 24.40 15.40 0.324 
296.05 25.20 71.70 74.80 28.30 0.496 
49.70 78.50 50.30 21.50 0.609 
75.60 84.20 24.40 15.80 0.663 
303.65 82.90 83.80 0.171 16.20 0.836 
333.15 46.30 75.20 53.70 24.80 1.467 
65.30 34.70 1.147 
75.60 83.0 24.40 17.0 1.682 
82.30 85.20 17.70 14.70 1.737 
93.80 93.0 6.20 7.00 1.740 
Table 4. Experimental temperature T, pressure P and liquid, x, and vapour, y, %mass fractions 
of R125 and R600. 
TIK XR125 YR125 X6QO YR600 p/MPa 
241.35 27.90 91.80 72.10 8.20 0.139 
75.50 94.60 24.50 5.40 0.200 
50.84 93.92 49.16 6.08 0.188 
40.56 93.35 59.44 6.66 0.179 
46.73 93.73 53.27 6.27 0.186 
272.90 74.21 92.61 25.79 7.39 0.590 
90.73 9.27 0.511 
40.34 89.31 59.66 10.69 0.466 
273.05 25.00 85.80 75.00 14.20 0.365 
90.60 9.40 0.507 
74.00 92.60 24.00 7.40 0.594 
296.05 23.30 79.70 76.70 20.30 0.629 
87.70 12.30 0.896 
74.60 25.40 0.111 
333.05 24.70 73.20 75.30 26.80 1.291 
74.00 80.20 26.00 19.80 2.494 
4. PARAMETER OPTIMISATION 
The REFPROP software contains a number of mixture models each with several adjustable 
parameters. However, it became apparent there was a high degree of degeneracy between these 
parameters and that it was difficult to necessarily fit both the measured composition and the 
pressure because of the high level of non-ideality in the subsystems containing R600 and R600a. 
These systems showed azeotropic or near-azeotropic behaviour at the HFC-rich end of the 
composition range. This observation was common to the other REFPROP models and so the LJI 
model was chosen somewhat arbitrarily. This model contains four independently adjustable 
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parameters, although the user can enter five. It was found that the predicted values were most 
sensitive to the 'Zeta' parameter and all the other parameters were set to the default values 
contained in Table 5. 
Table 5. Default parameters in Lll model 
Xi = 0.0000 
Fpq = 0.0000 
Beta = 1.0000 
Gama = 1.0000 
The optimisation was carried out by adjusting the parameter Zeta by trial-and-error so as to 
obtain the best fit as judged graphically. It was found that the corresponding values of zeta were 
temperature dependent and so it was decided to represent them by a linear approximation of the 
form: 
Zeta = a + b(T/ °C) (Equation I) 
The results of all the fits (in the form of parameters of equation I) and an estimate of the 
uncertainty in the value of zeta are given Table 4. 
Table 6. Optimum parameters of equation (1) 
System 
RI25 + R600a 
RI34a + R600a 












Figure 1 shows the comparison between the predicted behaviour of the R134a/R600a binary 
using the REFPROP default values, the experimentally determined values and the modified 
REFPROP prediction. Figures 2 to 5 compare the experimental data from some of the isotherms 
with the results from the optimised model. The agreement between the predicted and 
experimental value is within ±1.0% or better. 
5. CONCLUSIONS 
The results presented in this paper have clearly demonstrated that in the case of blends 
comprising of R125, R134a and either 600 or R600a the current default values used in the 
predictive software package REFPROP are not suitable and will lead to erroneous property and 
VLE data. The data presented has lead to the determination of interaction parameters which may 
be used with the software to give good agreement with experimentally determined values for the 
VLE behaviour of these blends, however the authors have found that there is still a small but 
significant deviation of the predicted property data which indicates further refinement is 
desirable. 
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7. FIGURES 
Fig. 1. Comparison of experimental data, REFPROP default data and REFPROP modified data 
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Fig. 2. Comparison of experimental data and REFPROP modified datafor the R134a/ R600a 
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Fig.3. Comparison of experimental data and REFPROP modified datafor the R125 I R600a 
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Fig. 4. Comparison of experimental data and REFP ROP modified data for the RJ25 I R600a 
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Fig.5. Comparison of experimental data and REFPROP modified data for the R125 I R600a 
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